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flo. Abstract 


i-ce snow'cover xu lour ousins an southern Nornay hav.e been studied. By use 
oi aata fron both iyTC- and 197o,it has bees possible to observe nearly one 
co-jplete uieltisg season -.-ir-h the usb of Landsat imagery. The observations 
covers the period a-idcle of May to the end of August. The four basixis 
rspre.seiit different ciinauoiogicai conditions, and Eubsequent runoff 
inforTsacion is compared -yinh the rate of decrease in areal extent of the 
£ncvco%'er in each basin. 
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The G,rec.l erct-e;*! of Lho four basins in the sfudy ax*ea are: 
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Tho Boarra and Oiden --’‘ailays ha%'o rlrai-s that raa nortIi’.rardj 
'.fhils those cT Jcstedai a:id Brci:n are keadiag respecti-vely 
in southern and -.rostern direction* FIG- 2,G,4,5 and 6,' 


iT a~r r‘Tj'f i i'd (jX 

Four drainage basins in iriountainous IIorKay 'ifere selected for a 

study iu sno’^uianrins? by use of Landsat imagery* ^'Ib.e basins are 

distributed along an east-vest line and they represent different 

cliKat-oiogical conditions* In the eastern parts of the area the 

precipitation is only iC’-2C percent ox the aaouut in the most 

iiesterii pares, cot only does the climate differ frosi basin to 

basin j but also vilhin each one of tlieu- though they are rather 

snail. This is due to the fact that vithin a relatively short 

distance- ve fliid both licrvays %‘et -cest and driest part.s. 

/ 

Ail four basins in the study area have glaciers, viiich complicates 
the relation between runoff and srLo«nelt* The diiiererice in 
climate vithin the area, as- a vhole has consequences for the. 
pattern of snoircelt. 

Landsat imagery shov clearl;-' an ob^'iou.s difference between 
ea-st and vest. In sountaiii areas S3 of the study area, great 
clianges in snoveovar tooic place in the course of IS days in 
July iS?5. vhilo the snovrpat tern in the vest-arn mountains •svas 
much i7.oro stable with smaller c!:anges in areal extents This slower 
change in sncmelt pattens, sakes the area less sensitive to 
the effect of Landsats' infrequent image coverage because of 
th'i i.v da;.-.,' ohservatior. cycle.’ Tliis is ho’ivever coiapensated to 
sorce extent bj* the fact due to the high latitude ( G1-G2°K. ) 
i oC- image overlap on. two coneequitive days. ' 



S-oLa'iiveiy ieyr La^-dsab images icere recorded in 1075 vritli no 
scenes lo.ier than Jcly 28. ‘This rosnlied in an incomplete 
picture of xha snourtslting in the ysst/ern , mountain areas since 
there vas stiii much suo'»‘ loft, at the end of July. Porfcunately 
Laudsat images v'ere alsc taLcn of xhe study area during the 
summer of i9T>3 i-'i-th uvro cycles in August, Both 1975 and 1976 
suimziers trere sunuj* and ivarm and most of the Laiidsat scenes 

eriuired ^ durang nnese periods 'ivere cloud free or; nearly cloud 
free. Both nreceeding 'vriaters produced considerable more than 
normal snc'-»-oack. 


liiE GftGAAPiilCid. Ac:i; CLIAAfCLOGICAL. SfIfInG 

The area studied is situated 6i,5^ir and bevreen 6 and 9°3 and 
it runs nearly par ') 2 ndicular across the elongated jhlTS — SS7/ . 
oriorreed Kjoelen meuntaiu range. 

The Boevra basin includes the highest mountains in Nonrar vith 
the Jcounhalmen oeaks close to £5C0rs,a.s, i. (SlOO feet). The 


three otner basins are closer to t 


se ssa and all cover parts 


oi u o 3 oeciaj screeti me jiargcst gjn-Cr.sr- in , Ihe nigneso 

parrs here are 5'u^t above fOGG ic.a» s.i ► • 

The vholo are-a is deninated by vesterly irinds resulning . 
in tenperaoe winters and susunsrs, 2h'en during the 

coidesc part of the vinxer. the average temperature along the 
outermest part of the coast is above freezing. The precipitation 
is heavy and'iuland there are places that get noro’ 
than 4-lCC- niilinetert. lot inches) a year. Going east, the 
precioitation diminishes ra.pid.ly and apron, 2G0 Iciloneter 
further oast the climate is continental *»"ith. only -300 oilli — 
Eater(lE inches) of precipitation annually, 5IG»7. 
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In tnc- oast and central carts of southern. Kcrivay the cliaatic 
fcinber lii's altit-ade is betiv'&en ICoO and iSCO n,a-> s. 1. (5-300— 

4C00 feet), -fiiiie it is as lev as 4tC rna, s. 1 , ( 1-300 feet) in 
vesterri co-aste.1 areas of southern liorvay. 

In coiinacticn ifith the use of Landsat for sao’.«tiappi3ig^j it ts 

' * • . 4 >. 

a'erj'" irioortai-x to recogrtisa the iapcrtan.cs of the tisber line 
altitude in h-orvay ^ Hearly all of the iuiporcant basins haTe 
niost of their areas aaore the tiinberiine. Therefore, snoir in 
f orost-corsred areas is not a big problaat for users of Laudsat data 
iix Norivdy> This fact nakas Laudsat imagery more suitably for 

sn.o'fr>apping in >.c-rv.'ay than for countries o-t 1-ou‘er latitudes 
ifbsre the timber line is considerably higher than in. Komray. - 


To get a bexcer understanding of the snoT.- situation, ground bas.ed 
aH-x orfr***fOioc iT^s use-u^Daua -xx tnis type are ax’aiXabls on a 
sxjecial suoxv -ac-usulation maps that the Xortagian Ueteorolcgical 
Institute is issuing ou a regulair basis- 

Snoir accumulation, is calculated, for thre-e levels, 400, SCO and 

1200 n,a-s. 1-. (1300, 2300 and 4C:,0 feet)* The isoiines on the 

maps 3hou- the per cent Gf--noPinai snG.fpack.The last set of maps 

of a season thc-'r the situation at the end of Auril i/hich is 

close to the date vhen snow msiting normally starts (PIG.S, 9, lOand'll) 

Snow data fr-om a few weather stations have also been used* Both 

i, 'inter seasons of 1G75 and 1976 have beer, characterized by 

heavy snow accuauiation in mountain areas in Sh' Norsfay.In 1976 , 

parts of the study area got sore th-an double the normal sno^-vpaclc* 




area 
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RliTOPF DATA 

r^.-.noTf data ^issd in this sitidy have baaii obtain&d iroin 
Lxiaaoaraphtc i;i3asureaG;rbs nsai’ o\* A'b the base of the four 
basins, Ihe i-rorv.’egian h'pvtsr Resources and Sieclricity Board 
■ii'ovidod nosi. of t,hsss data,'c}ifi rest ^fore aade by 

ihs Geographical Inst i'c-u'cs. Uni versify of Oslo, 
for caicuie-fiou of the subscquGnt runoff, a starting point 
had to be chosen. The dat.e srhen the runoff rises above the 
Vinter level, due to start of sr.ovr aielting vas chossn for tiiis purpose 
as starting point, The runoff dare for i07G vere not avaiiabie 
before t-srsniiiaticn of this study. 

The spring incrsc-vse of mjaoff due to the start of saoiunelting.- 
in the four basixis ~ras as foiLo'.vs; 

3R21i- on April 2i. 29Tb 
■jOSiiSAL on April hd. 1975 
30]v/IlA on :.;aj 6. 1975 
OLnZl'T on rJar T. iv75 


ubsequent x-unoff ef a basin is caiculatsd s.s cucmlated 

■ - , . 6 5 ... -• 

pertta(icsu-j3 of runoff in IC r,! frora the 'dates mentioned above. 

lieteorc-logical infc-maiicn for correlation -rith runoff and 

snovcover r.easurer.en': s, vas selected froia one station in the 

Jost-edal basin. The station is situacsd quits near the 

geographical cer.'cer of the four basins used in -the study, 

lieasureruents in the Jostedal basin sliois" that 

during tl;e period i?6C—i9To the average annual riuiofx is 

STi’io'hi", 9C psrcsnt of the annual runoff occurs from May to 

Sopterrhsr . Data sncT." that i:> this basin the subsequent runoff 

p Q 

ill 1975 be'lveen April 2d. and August 1. vas 91C-10 m . This 

sooii's that ohie runoxi this ysa.T vras vrell above averago. The 
same situation vis also found in the three other basins .piG. 19. 

Tiiciigh the cosiplete sets of runoff data for 1976 
are not yet availabie,it is clear that the runoff in, 1976 iras r 
also ifsli above average. This can be explained by the great 
amount of snow in ohe nountair.s and the considerably varner 
and suriuisr vc-aniier chan normal during the su.maor of 1975 and 


i-y I 





0:- n:AG3S 

xliiis £,t,v;C^y has chc-.fa "that Landsat iruagory is X’"ory suitable 
for suovj:a;> 'lo-g. 'viSS 4 and 5 prcx'ed to be highly rcduadant, 
but the iacter is best due to better contrast and greater penetrat- 
ion through haze and fog. Tt-ring it inter and early spring there 
is 0 - rax.her s.o.all clifferanco be-tveen L,'5h 4/S and MSS 6'/7. Later 
in the year this difi'erc-nce is very great. On Lanrlsat 'icagas 
tahea curirig; sunnier "oiis extent of snou' in the MSS 5 band is 
nuch greater than in MSS 7. 

rpTiTp CVrr'vT 


ir. this study the snoi.'line uiays a dominant 


v-^1 o 
^ V-- U 


Since it dexxuei 


the border betive&n sncii'coversd and sneufreu area. To find the 
site of a suoi’.'Covorod areo-j the pohition of the snoirline isiust 
be deteroiiiied. Usun/ily the snoivline is not strictly a iv-eil— 
defined and sirnpie line, but rather a transition zone betiveen 
a conpleteiy suoii' cove red. area and bare ground. There are several 
factors that influence the nati;re ox the snoiv'iine. Such as season 
and tonography* In nonnoaius during the fall it vas possible to get a 
veil doiiued snovrline after the earliest sncis-'f al 1 s of the season. 
Ciearcur- snovlincs along, mountain.* slopes can also ba seen on some 
Lands at images of hTorvay obtained during the fail. 


The Laridsat images used in this study ifere examined, ivith, a 
Zeiss Ir-terp-rs’coscop& ii'hich proved to be v^ery suitable 
iiistruuaut for st’udo" of rhis type of satellite imagery. Optical 
p 3 .nxonrau-hs irere used to drG'v une oasin bounciaries to the 
v-orl:i-:i: scale of 1 J 25GQ0-./. In some special cases this 
instruniant ivas also used to draix the snoixline from 1:1 niill. 
Landsat positiv transparency .Ho'?ever in this., study , sno wrapping 
is base-l on the use of photographic blade and white paper’eopies 
as a scale of 1 : nSOO'JG. ?ib. 12 and i<x. 



Two oopies ^r’Gre oniargGcl for each date and. hasip.. These' paperprirrLs 

were nade so'.aeiv'hal darker the.ii nornial in order to htL'’.''e 

_ _ s ■ 

the .sno'.i'cover as '..■■ULle in contrast to the snorriree, dark parts 


or 'i. ifi 


tha iiiTidscaps. By coi.!pari son- with },!3S 5 1 s 1 mill, trans- 

parency, the paper copy 'Chat, was in the best anreemaut with it, 
s sic- clod. 

On ::he seiecteu prints, tsie hasiii-'bo’andary was ciraT/n and by 
planimetry the snowcovsd areas were msasurod, Because the 
nature of "che saoVf'li'iie. do'L-pl aniinetry li'as employed. 

The accuracy of the dot-3sthod vas tested. Cue area of Icnoim 
size was laeasurecl 'ohree times, and the same was done with the 
G'iicv/cover in one basin. The result show that the accuracy of 
'the dot— ciethod' is jrroatsr than, the -oii.e with which one can 
draiv a xrue snowline. 

An eiect-i'oriic ils'.'4sitc:.ca'cer and planisister were inacle availiabie 
for a d.ay daring a demostrat ion. "Z'j ajasting the clensitoiseter , 

WG got "chs snoir'c-n'v'ered terrain on the screen as areas of one 
color. The screen vas photographed with 85 rru. c^Ior film 
shovring the densitoriet-er picture of snoYfcowor in the Eoe%'ra 
and Jostedal basins on June BA., July 9. and 27. i9'T5. ' • 

Beca'iisa of the very iiuproviseci "uee cf the. eiectronic deasito- 
neter, it v.-as not uossiblo to tK.kc full 'advantage of t'ne cp,t>- 
aci'ty of the insi-rument , like eiecrronic pianinieti'y. The reason 
for this is that no opanue LYusks outlining the basins viere avail- 
able at short notice. ?o.perprints of the -screen photographs 
ha^‘‘e been rreasured and are in good agreemen-t -irith results from 
the dot— nlanimetry , 

f 

An Akditive Color Vie'rfer has been .used to make multispectral 
color images of nhe study area. These images do not seem to 
give any subeto-iitial new inf orr.:at ion on. tho saowco'^'Gr , compared 
with black, and -.''hite hSS 5. However color irtagos arc voi’y 
v.aiuaole in providing additional inforLiation such as 'the oosition of 
tr?,n.sient. snov.-iinc on glaciers and suspended sediment loads 
in lakes and .rivers. 


f 



I^'.b.crer«L ii: I,•^r:cIs^.l sjsta:n Xq -tb.e ability to observo iar{;e 

.'<.reaa 3i:£:al of .ii jusly . 1hi£ is n, g,roav advairtc-go "because in. this 

vT.y snov/CG'. -.^r cau be isoiiitorod over e:::teasive areas. Most oT 

\ 

Lite ".I'eather stacioas are ii- the Icvlaud and Talleys>".yhiie there 
are Gi-i'. a Igt; u-j i;i the vasG, inaccessablc - hiL£h oountaiii areas 

1 f ' •»— 

Thus -he in situ inlornat-ion on the snovco’-'err ■ 
in hii'h irountai;! areas is quite ii.3i’tec'*> The Landsat images 
uroTide valuable additional informatios c-ii the sno’.v cGUflition; 
and snovi'ielting in mouni-aiiii'ous h'crvay. 

Ground truth, specially u 8 1 e o r o I c g i c a I info mat i o n . 1 i ke sn o’.v-- 
deoth are available froiJi a iniinber of stations. Snowdepth. from 
Boovra basin in 1975 "ciave been tesxed. and the snov distribution, 
on Landsal ivages agree veil vith uhese uo.xa, 

By combining Landsat i-jiages from I'STo anc 1976, it has been, 
posside to niep tx.e reuucion oi sno'£»'’cover success.uully from 
the nadelio of Maj- to the end of August, In this; period most 

of the snov meliiag takes ulace in moua^aini ous. Xorvay, 

^ 1 G - - ■ 

^ X~ t JlO y rLilvt •!- t » 
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s?u.u:iier seasons oi 


1975 and 1975 the sn.ov.coT.'er has 


boon successf *iilj moniiored and Sieasared in the four basins 
studied. By use of the elevation distributions for these 
basins combined vith the oieasurod snovcover percentage. the 
ecuivaier.t- snov.dii?e a.l tithde -vas ealculnt-ed. The results 


are seen i 


T’ 'T 't 


tables on the next page. 
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Table 2 : The eci'aivalc-nt sno’=fline allitado in meters above sea 
level, obtained by combining data on the percentage 
Cl snovcover and elevation distribntions oi the four 
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Subsequent runofx' data have been collected for the be.sins, 
Tables shoeing percentage sn.o\v'cov8r versus subsequent 
runoii nave oeon v/or'ced. out lor lt^?5» HunoiT data for 
197 b are not yet available., Because of tbs lack of 
cor.plet-3 data 0:1 runoff, tie anxiysig of tbs results 
have to wait until ail data, boGotnes available. This haa 
to be dons as a post project t'crk. BIG-. I8.. 19*20 s,n.d 21. 
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Only some linages of all possible L?,ndsa.t passes in 19T‘5 
and 1576 \7sre 8.oquirsci and therefor tbs isaga' frequency,, 
v/a,s not as high as it could have beon with laa^iiaua 
utilisation. 

Cloud have been a -Tiiaor problsui in this study be'eause most 
of the images used have been cloudfres. However, in some 
cases, small clouds v/sre identified and corrected for, 

ICor do shaddov's represent a great problem. The Kojr.vegian. 
mountains are in nosb areas rather smooth, forniing an 
ono-ulating Isiidscape.A landscape like this is present in 
the study area, hut rougher terrain is also present, 
especially in the western parts v/here the fjords disaect 
deeply into me nountain inasslff. During the period from 
Y/hioh Landsat data have been used in this study, the sun 
angle has been between 35 and 50 degrees. This, and' the 
fact that the sno”/ was mainly/ confined to higher elevation 
on the ulatsau, are tne reasons why shaddows v;ere not a 


Lliainterpretatiorj. caused by high reflective barren terrain 
is also a minor proDiem, In me hignest parts 01 the 
ITornsgian mountains, there ere quite sstensive blockfields 
r.'here mere is very little or no vegitation. These block- 
fieius nave in certain areas very high reflection that 
could be interpreted as sno'.v by unerperianced observers. 
The '’most entsnsrve blockfields ox* this type xs round 
in Pinmarr, taa norTciea-xtern part of rlorwas'. Because of 




ne neavy anov/pncii: in tne stuay ar 


\j Lx Vw' . 


ajority o'j 


tnese blocifields v/ere snov/covered during most of the 





sunmer 1975 and 197 o. 

In this st'uci3- as v/eli as for ail use of Landsat imagery 
the general laok of adecuate interpretation instruoients 
in iTorv;ay is a problem* 


QUALITY AuD'DELIvDiy 


■The quality of Landsas images used in. this study has 
been very .good and the deli'v'erj" of data hds b'hen'ah 
erpectedoln some cases it is considerably easier to 
distinguish pet’.veen snov; and ice on positive IvISS 7 
transparencies than on negative nS3 7. This ma-he it 
difficult to make good positive papercopies if one wants 
to di.stingui3h betwean snow and ice. 


R3G0X:3YDATICST3 


Satellite observation of sncwcover- is a valuable- 'tool 
for '-7= ter manager.sn v . However the same can be. said of 
the more general management of the mountain areas since 
phenological conditicns are cleari^r seen on La.ndsat 




Sabellite monitoriiiv of mountain areas are 


therefore desirable and valuable both for practical and 


-5 V -i,J. X v» c:. ij -L ctr _L Oiizu * 


bis study is based up-on images from only a smaller part 
of all possible Landsat passes over the stud^r area 
during the meling season.! recommendation to future use 
of Landsa.t in -snc-vv monitoring, is to exploit fully the 
coming of a ITordic Lan-dsat station. 

Operative use of Landsat data is in many cases like 
snonmapping, contingent cn the users having images 
available a few days after thej'" have been acquired, 'The 
present 6 and 12 days of spacing between Landsat passes 
together with an east - west overlap between 56 and 71 
percent , should, provide a useful though not satisxo-ctory 
ba.sis for semi or complete operational snow monitoring 


i 



satallite 


S73T;em. 

Sr.OT is 8?-3el7 identifiable on Lsndsat images and digital 
processing is not necessary ? but it vvoiild obviously 
improve the a.ccuracv* 

In the first chase quite simple means should be adequate 
line enlarging 1133 5 to a suitable^ standard scale and 


v.'ith a set of prs~cn 


Oc 


iBSics the planimetry work 


could be performed rnpidlyc 

A set of pre-cut basin masks v/ould also be very useful 
if an electronic densiometer / planimetar is made^ 
aval la Ola, 

One should also take advantage of the n-nogrress 
v/ithin the Landsat and other satellite systems. The ther- 
mal scanner on Landsat C should, in spite of the lower 
resolution than the present MSS scanner, give valuable 
information on the processes of breakdown of snowcover. 

The use of Landsat G'RBV cameras with high resolution 
imagery, should make it possible to improve the inter- 
pretation, It is desirable to cleerixy to what degree 
data from the Heat Capacity Mapping IJission satellite 
can improve the monitoring of snow. 

TJOAA satellites do provide a frequent coverage and the 
VHH 3 . imeges have a useful resolution, A combination of 
Landsat and ITGAA 'data,cculd be a good solution for the 
neo.r future. HcT/ever, new satellites with sensors which 
are less affected 03* weather would surely make monitoring 
of snow more effective. 
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COilTCLUSIOiT 


This stiidj shov/s that uhs La'cdsat iniages are ’;/ell suited 

for snor;rr.acping in nountainioas uox"-vay^ There is an 

obvious correlation betTfaen the areal extent of snowcoTer .. 

and the amount of v;ater stored in the basins as snoViV 

The 1975 ana 157t situations are not I'enressritatiTe 

conzpared ' v/ith no-rir-al sno7/ra,ch and therefore' ad'ditiohal 

/ 

satellhca observation are desirable » 

AccLuaulat 3d spov.'-and runoff data' over several years will ' 
prove to be a valuable tool in v;ater inane^^ement »3ince a 
small Improvement here results in lar^e sa'^/ings, the 
satellite observetion of snov/ should continue and be imuroved^ 


Johnny Skorve . 

Oslo, Eay 25. 1977 
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